Background and aims: The genetic contribution to inflammatory bowel disease (IBD) is under investigation. Recent evidence indicates a significant linkage between a locus on chromosome 19p13 and IBD. We investigated the association between an intercellular adhesion molecule 1 gene (ICAM-1) polymorphism located on chromosome 19p13 and IBD in a Japanese population. Methods: We compared 207 Japanese patients who had IBD (79 with Crohn's disease (CD); 128 with ulcerative colitis (UC)) with 103 unrelated Japanese controls. We determined R241G and K469E polymorphisms of the ICAM-1 gene using polymerase chain reaction (PCR) techniques. Results: Both frequency and carriage rate of the K469 allele were significantly higher in IBD patients than in controls (allelic frequency, p c =0.0026; carriage rate, p c =0.0034; odds ratio 2.59; 95% confidence interval 1.42-4.68). Furthermore, the frequency of the K469 allele was significantly increased in both CD and UC. Subgroup analysis demonstrated that both K469 allelic frequency and K469 carriage rate were significantly higher in patients with the small bowel and colon type of CD and entire colitis compared with healthy controls. Conclusions: We identified an overall association between IBD and ICAM-1 K469 in a Japanese population. Further studies of this chromosome region are required to elucidate the gene responsible for IBD.
T he aetiological relevance of ulcerative colitis (UC) and Crohn's disease (CD) remains unknown. However, they may be associated with a genetic predisposition as familial inheritance and increased concordance rates in siblings or twins of inflammatory bowel disease (IBD) are prevalent. 1 To understand these aetiological trends, the chromosomal region encompassing the appropriate genes requires thorough investigation.
Association studies and linkage analyses have been independently performed to identify the gene responsible for IBD. Genetic association studies have examined the relationships between HLA, 2-4 DRB1, 5-7 DPB1, 8 MHC class I chain related gene A (MICA), 9 interleukin (IL)-1α, IL-1β, and IL-1ra, [10] [11] [12] [13] [14] [15] tumour necrosis factor, 16 17 IL-10, 18 19 and intercellular adhesion molecule 1 (ICAM-1). 20 Linkage analyses have shown a possible linkage between CD and a locus on chromosome 16 (IBD1 locus), [21] [22] [23] between UC and chromosome 12q (IBD2 locus), [24] [25] [26] and between IBD and chromosomes 6p (the IBD3 locus), 27 28 1p, 29 and 19p. 30 Any chromosomal region identified by both linkage and association analysis is likely to be closely associated with IBD and a promising source of the responsible genes. For example, microsatellite markers located on chromosome 6p, which encompasses the HLA antigen genes, indicate both a significant genetic association and linkage in IBD, and this area is being mapped to seek a candidate IBD susceptibility gene(s). 31 32 Rioux et al have identified a significant association between IBD and chromosome 19p13 using linkage analysis. 30 Because no other linkage analyses have identified 19p13 as the region responsible for IBD, association analysis of this locus is required to confirm their findings. We therefore examined the ICAM-1 gene that is located on chromosome 19p13. ICAM-1 plays a pivotal role in the migration of neutrophils to inflammatory sites, and it may be involved in various inflammatory diseases. In addition, the ICAM-1 gene has single base polymorphisms leading to amino acid changes in codons 241 and 469 33 which may help to identify genetic associations in patients. Using these polymorphism markers, Yang et al could not detect an overall association between IBD (neither UC nor CD) and ICAM-1 although differences were significant when patient groups were stratified by antineutrophil cytoplasmic antibodies (ANCA). 20 Because few association studies of ICAM-1 and IBD have been reported, it is not known whether ICAM-1 has aetiological relevance to this disease. To precisely investigate the genetic associations of the chromosome region encompassing ICAM-1, ethnically defined populations should be analysed. A Japanese population may be suitable as the frequency of immigration is low and linkage disequilibrium decay is relatively low. 34 In the present study, we have examined the genetic association between ICAM-1 polymorphism and IBD in a Japanese population. We found that the K469 allele frequency of the ICAM-1 gene is significantly associated overall with both CD and UC, suggesting that the 19p13 region contains potential candidates for genetic susceptibility to IBD.
MATERIALS AND METHODS

Patients and healthy controls
The study comprised 103 unrelated healthy volunteers, 128 patients with UC, and 79 with CD. All participants were Japanese and their characteristics are described in 
ICAM-1 genotyping
Peripheral whole blood from patients with IBD and normal controls was collected in tubes containing EDTA. Genomic DNA was extracted from samples using the Genomic PrepTM Blood DNA Isolation Kit (Amersham Pharmacia Biotech Inc., USA) according to the manufacturer's protocol. Single base polymorphisms at codon 241 (R241G) in exon 4 and at codon 469 (K469E) in exon 6 of ICAM-1 were determined using methods based on the polymerase chain reaction (PCR). The primers for amplification, PCR conditions, and allele specific oligonucleotides have been described elsewhere. 33 The R241G polymorphism was amplified using the primers: X4L, 5′- GATTGAAGAAGCCAGCAG-3′  and  X4R,  5′-GTCGTTGCCATAGGTGAC-3′, and two end labelled allele specific  oligonucleotides  for  the  G241  allele  (5′-TCCCTGGACGGGGTGTTCC-3′) or R241 allele (5′-TCCCTGGACAGGGTGTTCC-3′) were hybridised with the amplified products. The K469E polymorphism was amplified using primers: 6442, 5′-CCATCGGGGAATCAGTG-3′ and 6443, 5′-ACAGAGCACATTCACGGTC-3′. The PCR products were identified by enzyme digestion with BstUI which cuts the E469 allele but not K469.
Statistical analysis
Allele and genotype frequencies between each of the patient groups and controls were compared using a 2×2 contingency table and the χ 2 test. To correct for multiple comparisons in the subgroups, corrected p values (p c ) were obtained using Bonferroni's correction factor by multiplying the p value by two (p c =2×p) because the alleles were examined simultaneously. To analyse subgroups in IBD, p c values were corrected using Fisher's extract test when sample numbers were small. After correction, p c was considered significant when <0.05. The closeness of genetic association is shown as odds ratios (OR) and 95% confidence intervals (CI).
RESULTS
Allelic frequencies, carriage rates, and genotypes of ICAM-1 alleles 
DISCUSSION
Considerable effort has been made to identify IBD susceptibility genes (either CD or UC). Most of these efforts were attempted using genetic association studies and linkage analyses. However, because IBD is highly multifactorial in terms of both environmental and genetic factors, precise mapping of the susceptible loci should be complex. Coordinate examinations using both of the methods mentioned above are needed to search for the potent IBD loci. The present study strengthens the linkage prevalence of chromosome 19p13 in IBD 30 by showing an overall association with the K469E polymorphism of the ICAM-1 gene and IBD in a Japanese population.
Only one study has examined a genetic association between ICAM-1 gene polymorphism and IBD. Yang et al examined the genetic association between K469E and R241G polymorphisms of the ICAM-1 gene and IBD in Caucasians. Although the association was significant when patient groups were stratified by ANCA status, no overall difference between patient groups and healthy controls was found in their study. 20 Our results are in contrast with these findings as we identified a significant association with K469E in IBD patients. One possible explanation for this conflict might be due to differences in ethnic background. A good example is the results of genetic association studies examining the relationship between ICAM-1 polymorphism and type 1 diabetes. The ICAM-1 polymorphism was significantly associated with adult onset diabetes in a Japanese population 35 but not in Danish 36 or Finnish families. 37 Linkage disequilibria between genes in the same chromosomal region may vary among different ethnic populations.
As the Japanese are thought to have expanded from a founder population of approximately 1000 individuals over 100 generations, 38 they are considered suitable for both genetic association and linkage analyses. Linkage disequilibria between ICAM-1 K469 and the responsible loci for IBD may have been highly conserved on chromosome 19p13 within this population but more detailed linkage analyses of this chromosome region are required to identify the IBD susceptibility gene(s) in this population.
Several investigators have examined the genetic association between ICAM-1 gene polymorphism and chronic inflammatory diseases. Among Polish Caucasian patients with multiple sclerosis, the allelic frequency of ICAM-1 K469 was significantly increased (68% v 49% in controls) while the distribution of the R241G polymorphism was not significant. 39 In Italian patients with either polymyalgia rheumatica or giant cell arteritis, the frequency of the R241 allele was significantly higher than in controls (polymyalgia rheumatica/giant cell arteritis 12.9% v 3.1% in controls) but the K469E polymorphism was not significant. 40 The allelic frequency of E469 was significantly increased among Palestinian and Jordanian patients with Behçet's disease (47.6% v 38.3% in controls) but the R241G polymorphism was not identified. 41 These results are contradictory and so the significance of this gene may differ according to the type of inflammatory disease.
All of these diseases as well as IBD are characterised by intense infiltration of leucocytes at inflamed lesions. ICAM-1 is expressed on the surface of activated endothelial cells where it plays an important role in lymphocyte migration and activation. R241G and K469E amino acid changes in the ICAM-1 gene may influence the functional role of ICAM-1 as both are located on the Mac-1 binding domain and in immunoglobulin-like domain 5, respectively. The relevance of the ICAM-1 gene polymorphism may be explained by functional alteration of this gene product. 20 33 Recent linkage analyses have revealed that the chromosome region 19p13 is closely related to the atopy phenotype in Italian families with allergic asthma 42 and type 1 diabetes in a British population. 43 This chromosomal region encompasses several important genes that regulate the immunological and inflammatory systems (complement component 3, thromboxane A2 receptor, leukotriene B4 hydroxylase, Janus protein tyrosine kinase family). 30 Our results should be confirmed when the genetic association of these loci is determined. In conclusion, the present study revealed an overall association between the ICAM-1 K469 allele and IBD (CD and UC) and may potentiate the significance of chromosome 19p13. Further studies are required to confirm our findings.
